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Study system, sampling and parasitology 
Froy et al., 2016). 150
We collected faecal samples from female deer across the annual reproductive cycle. As a 151 "deer year" runs from May to April, this study examines the effects of reproduction over a year, 152 beginning in May, on egg counts and antibody levels until the following April. A description of 153 the sample collection procedure can be found in Albery et al. (2018) . Sampling occurred overNovember ("autumn") and April ("spring"). Note that our dataset included an April sampling 156 trip from the deer reproductive cycle starting May 2015, without an accompanying August and 157
November trip from this reproductive cycle. Figure 1 illustrates how sampling relates to 158 different aspects of reproductive investment by female deer across the annual cycle. We 159 classify a female's reproductive status for a given year as "No Calf", "Calf Died" and "Calf 160
Survived" (see Figure 1) . "No Calf" samples were collected from females that did not 161 reproduce in the calving season preceding the sampling trip; "Calf Died" samples were 162 collected from females that gave birth to a calf in the preceding calving season which died 163 before October 1 st of that year; and "Calf Survived" samples were collected from females that 164 gave birth to a calf in the preceding calving season which survived past October 1 st of that 165 year. We excluded females that were reproducing for the first time from our analyses, as their 166 reproductive success is heavily confounded with their young age (mean age 4.21 years). In 167 addition, females may or may not become pregnant during the autumn rut. Samples were 168 therefore assigned a pregnancy status, beginning in November, based on whether or not the 169 female gave birth to a calf in the following spring (Figure 1) . 170
In total 837 faecal samples were collected noninvasively from 140 mature females. In the 171 Phosphate Buffered Saline). The mixture was left to stand for a minimum of 5 minutes to allow 187 the protease to act and then centrifuged at 10,000g for 5 minutes. The supernatant was 188 removed using a micropipette and stored in a separate Eppendorf tube at -20°C until ELISA. The two remaining models examined antibodies as response variables. As mucosal antibodies 225 are vulnerable to degradation by temperature-dependent faecal proteases, we had to account 226 for the extraction session and time to freezing and extraction ( Figure SI5-6 ). There was an 227 uneven distribution of year, season, and status categories across different extraction sessions, 228 so that these variables could not all be fitted in the same model. Therefore, to control for 229 collection factors and quantify reproductive status effects conservatively we first transformed 230 antibody levels to approximate normality (square-root transform for total IgA and cube-root 231 transform for anti-Tc IgA), and fitted a linear model with fixed effects including extraction 232 sessions performed at different times (factor with three levels); day of collection within a 233 sampling trip (continuous integers, range 0-11); time elapsed from sample collection untilSD=1) were used as the response variables in two Gaussian GLMMs with the same fixed and 236 random effects as the parasite GLMMs. 
Pregnancy models
244
Pregnancy may directly affect immunity, and effects attributed to reproductive status could be 245 due to correlated variation in pregnancy status over the sampling year. To check this we ran 246 a second set of models investigating the role of pregnancy status. This used a subset of 247 samples collected in November and April (518 samples from 122 individuals), as mating 248 occurs in the early autumn and females could not be pregnant in August. These five models 249 featured the same explanatory variables as the full status models, with only two levels in the 250 season category (Autumn and Spring), and with Pregnancy included as a binary variable. We 251 compared these models with and without the pregnancy term as a fixed effect to investigate 252 whether its inclusion changed reproductive status effect sizes or affected model fit. 253
Calving trait models 254
We next used a restricted dataset consisting of individuals that had given birth in the year of 255 sampling (571 samples from 116 individuals) to investigate whether specific traits associated 256 with a calving event influenced antibody levels and parasitism. We fitted the same fixed and 257 random effects as the full model set, but with only two factor levels in the reproductive status 258 category (Calf Died and Calf Survived), and including several variables relating to each birth: as it was in the full model, the fact that adding and removing pregnancy as a variable had very 317 little effect on the model estimate ( Figure SI3 ) implies that this did not arise from confounding 318 effects of pregnancy. 319
None of the calving traits modelled (parturition date, calf birth weight or calf sex) were 320 associated with maternal parasite or antibody levels (Figure 2, SI1) . 321
The fixed effects of the multivariate model were very similar to those of the full models (Figure 322 In accordance with these studies, we found that lactating females had both decreased 333 antibody levels and increased parasite counts relative to non-reproductive females. In 334 contrast, gestation is rarely found to be costly for immunity or parasitism in mammals (Irvine, 335 that gave birth to a calf that died as a neonate, thereby incurring a limited lactation cost, hadcost in this study. We predicted that resource depletion incurred through investment in a given 340 reproductive trait would lead to reduced immune investment, and that this would lead to 341 increased parasite intensity (Knowles et al., 2009; Sheldon & Verhulst, 1996) to infective larvae, resulting in higher parasite burdens. This mechanism offers an explanation 396 for our observation that lactation was associated with increased parasite counts, while 397 gestation was not, as individuals that lost their calf as a neonate were not then saddled with a 398 necessity for such high resource acquisition. Based on our results, we suggest that severe 399 effects of mammalian reproduction on parasite infection are partly mediated by exposure as a 400 result of constraints on resource acquisition, foraging selectivity, and antiparasite behaviours, 401 in addition to increased immune susceptibility. This section includes model outputs for the fixed effects of all models we ran. We first include 664 the main models reported in the study ( Figure SI1 ). We then compare these results with a set 665 of modifications that we investigated. 666
The next ( Figure SI2 ) displays the full models including a season by status interaction to 667 display the way this affected the estimates, and to demonstrate the seasonal effects. 668
Generally, including a season by status interaction did not improve the model fit or change our 669 findings. The exception for this is the strongyle model (delta DIC = -3.79). There was, however, 670 a general trend for the differences between status categories to decrease over the autumn 671 and spring seasons as can be seen in Figure 3 in the main text. 672 Figure SI3 displays the effects from pregnancy models when we either included or removed 673 pregnancy as a fixed effect, to investigate whether this affected the estimates of each status 674 category's effect. Inclusion of the pregnancy term slightly reduced the significance of the "Calf 675
Survived" effect in the strongyle model, and increased the effects of "Calf Survived" in both 676 the total IgA and anti-Tc IgA models. It also improved the fit of the total IgA model (delta DIC 677 = -3.71). Otherwise, pregnancy had little effect. 678 Figure SI4 displays the results from the full models again, compared with the results from the 679 multivariate models. The models were extremely similar, with only small changes in effect 680 sizes and significance. This validates our use of the model to derive phenotypic correlations. 681 Figure SI1 : Effect size estimates from the three model sets (full dataset, pregnancy models 683 and calf traits models). Effect sizes for categorical variables denote differences from the first 684 
